Intrinsic isomerase activity of medium-chain acyl-CoA dehydrogenase.
Mitochondrial medium-chain acyl-CoA dehydrogenase is a key enzyme for the beta oxidation of fatty acids, and the deficiency of this enzyme in patients has been previously reported. We found that the enzyme has intrinsic isomerase activity, which was confirmed using incubation followed with HPLC analysis. The isomerase activity of the enzyme was thoroughly characterized through studies of kinetics, substrate specificity, pH dependence, and enzyme inhibition. E376 mutants were constructed, and mutant enzymes were purified and characterized. It was shown that E376 is the catalytic residue for both dehydrogenase and isomerase activities of the enzyme. The isomerase activity of medium-chain acyl-CoA dehydrogenase is probably a spontaneous process driven by thermodynamic equilibrium with the formation of a conjugated structure after deprotonation of substrate alpha proton. The energy level of the transition state may be lowered by a stable dienolate intermediate, which gains further stabilization via charge transfer with the electron-deficient FAD cofactor of the enzyme. This raises the question as to whether the dehydrogenase might function as an isomerase in vivo in conditions in which the activity of the isomerase is decreased.